This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



•V 

f.. 



t 



I 



*•-. 



(12) 



UK Patent Application „»GB ,,,,2320734 m,A 



(43) Date of A Publication 01.07.1998 



(21) Application No 9726421.2 

(22) Date of Filing 15.12.1997 



(30) Priority Data 
(31) 60032728 



(32) 14.12.1996 (33) US 



(71) Applicant(s) 

Baker Hughes Incorporated 

(Incorporated In USA - Delaware) 

3900 Essex Lane. Suite 1200, P.O.Box 4740 Houston, 

Texas 77210-4740, United States of America 



(51) INT CL 6 

E21B 33/127 

(52) UK CL (Edition P) 

E1FFKA F204 

(56) Documents Cited 
US 5143154 A 



US 5101908 A 



(58) Field of Search 

UK CL (Edition P ) E1FFKAFKF 

INT CL 6 E21B 33/127 

WPI 



(72) tnventor(s) 

Martin P. Coronado 
Rustom K Mody 
MarkCSoIari 



(74) Agent and/or Address for Service 
MurgJtroyd & Company 
373 Scotland Street GLASGOW, G5 8 OA, 
United Kingdom 



(54) Abstract Title 
Casing Packer 

(57) The invention is directed to an inflatable or external casing packer (ECP) for use in cased wellbores. A 
hybrid inflatable packing element design in an ECP is presented, having in a single-unit, anchoring and sealing 
sections for application in cased wellbores using a phase change inflation medium such as cement or epoxy or 
the like. 

The inflatable elements comprise a sealing section 40 that uses a noncontinuously reinforced 
elastomeric element 41 with anti-extrusion ribs 41 at its ends. When filled with the inflation medium, a 
frictional, radial force sealingly engages the elastomeric element with casing wall. An anchoring section 42 is 
also provided that uses a continuously ribbed elastomeric bladder element 52. The steel ribs 62 on the surface 
of the elastomeric element engage in metal-to-metal contact with the casing wall as the inflation medium 
exerts a frictional, radial force. Any trapped wellbore fluid between the sections escapes via the pathway 
between the ribs. A method for use of the hybrid ECP is also disclosed. 
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METHOD AND APPARATUS FOR HYBRID ELEMENT 
CASING PACKER FOR CASED-HOLE APPLICATIONS 

EEUiaFjBEjffimmaM 

The fidd of this invention relates generally to an inflatable packer for use in 
wellbores, and specifically to an inflatable packer which has a hybrid elastomeric 
dement design providing sealing capability and anchoring support tor use in cased- 
hole applications. More particularly, but not by way of limitation, this invention 
relates to an inflatable packer where the sealing dement acts independently of the 
anchoring dement 



f A < T r TBO T T MnniFTHE ' 

The production for oil and gas reserves has taken the mdnstry to reiiwte sites 

including inland and offshore locations. In addition, hydrocaibcn production in 

remote locations has become the "norm." For example, production in deviated and 

20 multi-lateral wellbores is now very common. As a result, new and unique problems, 

particularly, in the completion phases have arisen. Historically, me cost for 

developing and inamtahnug hydrocarbon production has been very high in remote 

locations. And as production continues in these remote areas, costs have also escalated 

because of the unique problems encountered in producing ofl and gas in difficult-to- 

25 reach locations and/or producing hydrocarbon through numerous zones. As a result 
production techniques in these remote areas require creative solutions to unique 
problems not encountered in conventional wellbores. 

As one skilled in the industry may understand, hydrocarbon production rates 
directly affect the profitability of a wdttore. During the productive life of these 

30 wells, the well must be rnaintained so that hydrocarbon production and retrieval is 
performed in the most efficient manner and at a rnaximum capacity. Well operators 
desire maximum recovery from proactive zones, and m order to niaxmiize produc- 
tion, proper testing, completion and control of the well is required. 
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5 In wellbore construction, four factors are a part of every wellbore design 

phase: (1) the completion method most suitable for a particular well. (2) the fluid flow 
paths needed, (3) the completion system chosen to bring the fluids to the wellhead, 
and (4) the completion cost versus the production potential. The completion method 
chosen is an important element, and this invention relates to proper zone isolation and 
10 the most effective and efficient means to do so. More particularly, it concerns zone 
isolation in cased wcllborcs. As one in the industry might expect today, multi-lateral 
wellbores require cased wellbores for efficient drainage through multiple zones and/or 
reservoirs. In addition, many operations conventionally performed at the surface are 
now performed downhole. As a result, cased-hole operations have become a necessity 
1 S for many wellbore completions. 

Thus, different tools are needed for each of two methods of completion: (1) 
open-hole completion and (2) cased or perforated completions. In an open-hole or a 
barefoot wellbore compktian, a relatively large internal diameter is encountered and 
the open-hole shape is invariably skewed. The open-hole is irregular (not perfectly 
20 cylindrical) since the hole is drilled in the earthen formation. Therefore, the external 
casing packer became an ideally suited tool to isolate zones during production or 
cementing operations because of its large inflation and sealing capacity. In such 
completion methods, the external casing packer is part of the casing string and forms a 
seal and an anchor a gains t tile open-hole wall when an elastomeric element in the 
25 inflatable tool is inflated. The anchor in foe open-hole is fonned when the packer's 
elastomeric element is inflated and contours to the shape of the open-hole, preventing 
axial movement in the wellbore. The exceptional expansion and sealing capabilities 
of tile flexible elastomeric elements allow these tools to handle conditions that would 
be impossible for conventional packing tools. When inflated, the packing clement 
30 conforms to virtually any irregularity in open-hole completed wellbores. While no 
packing element can tolerate all conditions, the inflatable packing elements have been 
found to be very tolerant for open-hole completions. 

On foe other hand, in cased-hole wellbores, a different set of criteria and 
problems for completing and workover of a wellbore are encountered. One recent 
35 problem thai has been encountered is to isolate a particular zone that is located below 
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5 completion equipment already located in the wcllboic. Such zones are normally very 
difficult to isolate since only limited access or through-pass in existing wellbore 
equipment is available to the zone below. Conventionally, such completion 
equipment has provided a relatively narrow access to a section located below. In such 
wellbores there is, therefore, a need for zone isolation packers mat may be installed 
10 below any existing equipment It is clear that conventional packer equipment may not 
be used in such wellbores since much of it cornprises larger diameter equipment 
Such equipment, therefore, cannot pass through the restricted available access. 

In addition, conventional thru-tubing and production injection packer tech- 
nologies are also madequate in these applications since they do not and cannot 
15 provide sufficient sealing capability in larger diameter casing sizes when using an 
inflation medium that operates under a phase change condition. Examples of a phase 
change medium include cement or epoxy. Phase change of an inflation medium 
occurs after the inflation medium sets. An inflation medium sets when it retains a 
permanent phase. For example, a phase change occurs when cement or epoxy 
20 hardens. However, subsequent to such hardening, another phase change occurs such 
that the cement or epoxy shrinks slightly. 

In these restricted access wellbores, conventional production injection packers 
and thru-tubing technology using phase change inflation media cannot be inflated to 
reach the outer diameter (OD) of the cased wellbore (the wall) to effectively seal a 
25 jone for reasons that will be discussed hereinafter. Thus, a new zone isolation tool is 
greatly needed to isolate certain zones in the cased wellbore. 

One concept is to use wirventional external casing packer technology, now 
used in larger diameter open-hole completions, to anchor and seal (isolate) a particular 
zone, especially since they have a relatively small '^through" OD and thus are 
30 capable of passing through the restricted access of existing equipment Examples of 
these conventional packer technology include "production injection packers" and 
"thro-tubing packers." However, even with improving elastomer technology, these 
conventional packers have proven to be relatively ineffective in applications requiring 
inflation in a cased wellbore with a phase change medium. 
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5 In order to understand why this is so, it is first necessary to review the design 

of these (inflatable) packers. Inflatable packers have long utilized a design incorpo- 
rating the use of various elastorneric elements in combination with metal slats or ribs 
as inflatable elements. Such inflatable tools comprise an elastorneric sleeve element 
mounted in surrounding relationship to a tubular body portion To protect the 
10 elastorneric sleeve element, a plurality of resilient slats or ribs are peripherally bonded 
to the elastorneric sleeve element The medial portion of the elastorneric sleeve is 
former surrounded, and may be bonded, by an outer annular elastorneric sleeve 
element or "cover" of substantial thickness. These prior art external casing packers 
thus use a "foil cover" design. Upper and lower assemblies securely and sealingry 
couple the ends of the packing element sleeves to the central tabular body. A 
pressurized phase change inflation medium is communicated to the tubular body and 
then through radial passages thereon to the interior of the elastorneric sleeve element 
to inflate the packing elements, providing a sealing radial engagement with me 
weHbore waH- 

A conventional external casing packer (with or without a phase change 
medium) is ineffective in cased-wellbore appUcations because the contour of the 
casing is sufficiently cylindrical, thus preventing a proper anchoring relationship 
between the external casing packer and the casing walL One reason a proper anchor 
does not result is because the coefficient of friction between foe elastorneric element 
25 and foe steel casing ina wetted media environment is very low. Thus, the differential 
pressure in the wellborn between locations above and below foe packer forces its 
movement. 

In addition, foe conventional external casing packer is designed to provide 
only anti-extrusion benefits. For example, the ribs arc located only on the secured 

30 ends (securing assemblies) of the elastorneric element and thus provide only limited 
anchoring benefits. As such, the elastorneric element has a tendency to "roll over" or 
overlap foe secured end when a sufficient axial force is applied to foe ribs. On the 
other hand, if a modification is made and foe ehistomeric dement is folly ribbed, 
another disadvantage arises, m foe latter case, a full length rib elastomisric dement, in 

35 combination with the elastorneric clement, is a much larger OD packer. Therefore, a 
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However, when atmnner cover is taodwrffate^MM^** 
icant problem arises when a phase chaoge «^ ii ^ * «** 

datable packer in the cased wellbore. This new problem arises when the inflation 
LO medium changes phases (cures and a^**tob*mm**«*** 
fomeavailablcagamstfoec^ Mm*************** 
^latively thicker elastomeric element normally makes up this differential in radial 

force. B^,^*^^^^'*^^^™* 
compensated or "made up." Tuus, the amount of 

15 elemcn t can Wup" is a fanction of its thickness. Stated differently, the energy 
storage capacity of the elastomeric element available for sealing engagement is a 
taction of* tWckuess. Thus, as a relatively tocto elastonreric elemeitf is used, a 
relativery larger energy storage pc^^ Tto larger stored energy potential is 
available to act against the cased-wellbore wall in sealing engagement, coxnpensating 

20 foranyshrmkagemmeinflationmeaium.m 

foick elastomeric dement is required to obtam prrmer sealing capability. Thus, there 
is a need for a new ame isolation tool that overcomes all of these limitations. 

a solution for isolating a zone below existing equipment that has restricted access in a 

5,143,154 an inflatable packing element for an inflatable packer having a specific rib 
coupling design to the tnbular mandrel 

Another teaching is mat by m » W- Patcnt No - S ' m #* for m M9t ' 
able packmg u^ce and a method for sealing. The device discloses upper and lower 

30 elastomeric deu^surmuodin^ 

not directed to foe problems encountered herein. 

Another teaching is that of AMbr m US. Patent No. 4.869,325. 
disdosing a method and apparatus for ^ -drtdnhl »P"*« « » 

bridge plug fiom a subterranean well which may be passed though a small diameter 
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5 tubing. However, again, such a teaching is not directed to the specific problems 
encountered herein. 

Therefore, there is a need for a method and apparatus for an inflatable tool that 
provides a solution for isolating zones through restricted access completion equipment 
in a cased wellbores mat provide both a seal and anchoring features. 

10 

STTMMftRY ™ TSE invention 

The present invention is directed to a new and improved wcllbore packing 
device for use in isolating zones within a subterranean weDbore and to methods for 
applying the packing device in a cased-hole application. The present invention is 
15 directed to a new and improved inflatable or external casing packer (ECP) far use in 
cased wellbores. A hybrid inflatable packing element design in an ECP is presented, 
having in a single-unit, anchoring and sealing sections for application m cased 
wellbores using a phas e change inflation medium such as cement or epoxy or the like. 
The present invention overcomes limitations of existing prior art ECP's since these 
20 prior art ECP's are not capable of providing both sealing and anchoring packing 
elements in a single unitized design in size and access restricted wellbores. 

The inflatable elements comprise a sealing section that uses a noncontmnously 
reinforced elastomeric clement with anti-extrusion ribs at its ends. When filled with 
the inflation medium, a factional, radial force sealingh/ engages the elastomeric 
25 element with casing walL An anchoring section is also provided that uses a 
continuously ribbed elastomeric bladder element The steel ribs on the surface of the 
elastomeric element engage in metal-townetal contact with foe casing wall as the 
inflation medium exerts a fiictional, radial force. Any trapped wcllbore fluid between 
the sections escapes via me pathway between the ribs. A method for use of the hybrid 
30 ECP is also disclosed. More specifically, a method for use of foe hybrid inflatable 
packer in a cased-hole environment with a phase change inflation media is presented. 
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Tip TIT BESCBIEDQS QE THF ™ AW1NGS 

Figure 1A is a cross-scctional and perspective combination view of the prior 
art external casing packer, showing a continuous ribbed style inflatable element 

Figure IB is a cross-sectional and perspective combination view of the prior 
art external casing packer, showing a noncontmuons style inflatable element 

Figure 2 is a cmss-sectional view of a hybrid external casing packer of the 
preferred embodiment, showing a sealing inflatable element section and an anchoring 
inflatable element section as it would appear in the run-in mode of operation. 

Figure 3 is a cross-sectional view of a hybrid external casing packer of the 
preferred embodimeat showing a sealing inflatable element section and an anchoring 
inflatable element section as it would appear in the inflarion mode of operation. 

EELML EB BESCBIE H Q B IHEJBEEESRBD FMPOPIMENT 

The present invention is best described and understood with reference to the 
^ m which it is used and the prim art d^ 

20 Figures 1A& IB). 

Tta-tubing wmkover and completion technologies have significant 
advantages, particularly since they provide isolation in restricted access zones. 
However, some operating and design limitations ex* m such technologies. For 
example, thru-tubing technologies are sized smaller and therefore are limited in larger 
25 diametexwehto applications, c^ wellboms, agnfcc^ 

exist within the wellborn when flowing weflbore fluids are present and, thus, 
upended displacement of settable or inflatable tools occurs. How in either 
direction usually exists in a wellborn when a producing «me is in hydraulic 
commmtication wim a consuuiing zo^ 
30 a wellbore, irrespective of whether flow is directed to the surface. 
Ihflatable weflbore toob are o^ 
in- mode of operation, an "expansion or inflation" mode of operation, and a "setting" 
node of operation. The inflatable tool is maintamed in a run-in condition during 
entry of the tool into the weflb^ 
35 pass through restricted access areas. Once the mflalable tool is passed beyond the 
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5 restricted access area and placed in a desired area, inflati on pressure is applied to die 
tool with an inflation medium so as to urge it into a radially outward direction in an 
inflated condition. Such radial expansion, at least in part, obstructs the flow of 
wcllboie fluid within the cased wellborn. 

The obstruction created by die inflatable tool frequently creates a pressure 

10 differential across the inflatable tool Most commonly, this occurs when the inflatable 
tool is set above a producing zone. Wellbore fluids, such as oil, gas and water, will 
continue flowing in the wellbore due to a pressure differential between the formation 
and the wellboie, as well as pressure differential between zones. Thus, wellbore fluid 
flow may urge the inflatable tool to move, rotate, twist and/or slide, especially in a 

15 wetted environment of a cased wellbore. The unintended, and often harmful, 
displacement of the inflatable tool often occurs because currently available prior art 
thru-tubing technologies do not provide adequate anchoring means. Such anchoring 
means are traditionally found in tools having "gripping teeth," as those found in the 
more conventional metal-to-metal packer devices. Thus, for example, coiled tubing- 

20 suspended inflatable tools do not provide sufficient anchoring means to prevent 
displacement and are not often used in such applications. Obviously, die mechanical 
packers are simply not appropri ate for restricted access applications. 

Additionally, if a pressure differential is developed across the inflatable tool, 
the pressure differential may act to disconnect the inflatable tool from die suspension 

25 tool or means. Thus, for example, in a wireline-suspended tool, a large pressure 
differential could snap the wellboie tool loose from the wireline cable. Alternatively, 
a high-pressure- sensitive or tension-sensitive disconnect device used in connection 
with coiled tubing or production string operations may easily actuate and disconnect 
the packer device from the coil tubing or production string. 

30 With respect to prior art designs, such as open-hole inflatable packer devices, a 

continuous ribbed style external casing packer (EGP) 20 is shown in Figure 1 A and a 
noncontinuous ribbed styled ECP is shown in Figure IB. The continuous ribbed style 
EGP 20 provides a long dynamic hydromechanical seal using an elastomcric element 
14 f™nhfni»H with continuous stainless steel ribs 16 to protect the inflatable elements 

35 12,14 from die tremendous multidimensional strains existing in nonuniform 
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5 wellbores. The steel nT* 16 are utih^ to provifc 

reliability against tear of the inner elastomeric element 12. These inflatable elements 
12,14 are mounted on the mandrel or inflatable tool 10 by securing assemblies 18 on 
each end. This ECP 20 is particularly useful for short- or long-length seaj 
applications requiring positive seals in high differential, irregular, or elliptical open- 
10 hole wellbores. The continuous ribbed ECP uses various inflation media, including 
water, drilling fluids and/or cement. 

The noncontinuous ribbed ECP 30, on the other hand, is used as a supple- 
mental packer to the continuous ribbed ECP 20 during special applications requiring 
longer sealing elements and utilizing cement, mud, fluid or epoxy as the inflation 
15 medium. It may include a valve collar 38 that features an enlarged inflation flow 
capacity and a flow control that decreases the erosion of the valve seats 35, seals (not 
shown) and the inflation passageway 39. The ribs 3 1 are located only on the secured 
ends 36 of the elastomeric element and thus provide only limited anchoring benefits. 
The ribs 31, as previously stated, provide strength at the end sleeve area 36 and also 
20 where.meritsengage33theweffl»rewaniL Tne nonremflnx^ center or medial 
portion 32 creates a flexible expansion area which readily conforms to open-hole 
irregularities 12, providing an adequate seal 

In an open-hole weUbore completion as shown in Figure 1, a relatively large 
diameter is encountered in the wellbore, and the open-hole wall 11 is invariably 
25 skewed or irregular 12 (not perfectly cylindrical) since the hole is drilled in the 
earthen formation 13. Therefore, the conventional ECP 20,30, as described above, 
became an ideally suited wdlbore tool to isolate zones m such envinrnments dan^ 
production or workover operations because of the large kflation capacity of its 
mflatable elastomeric element In such open-hole operations, the ECP is part of the 
30 casingstringandfo,™^^^ 

The "sealing" anchor in the open-hole wellbore is formed when the packer's 
ckstomeric element 14 is inflated and contours to the shape 12 of the open-hole, 
preventing axial movement in the wellbore. Axial movement is prevented because of 
mumdimensional forces acting radially against the wellbore wall 11. fo 
35 these prior art ECP's use a -full cover- elastomeric element design. A full cover 
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S design wraps the full length of the inner elastomeric dement 12, 29 with an outer 
elastomeric element 14,32. In the alternative, the noncontinuous metal ribs 31 (Figure 
IB) are fabricated inside the elastomeric cover 32 and are coupled to the end sleeves 
36 so as to provide reinforcement against extrusion when the element 32 is inflated 
Thus, the exceptional expansion capability of the flexible elastomeric element allows 
10 for use of these ECP tools in conditions that would be otherwise impossible for 
conventional (mechanical) packing tools. 

However, as previously mentioned, these prior art ECP's 20,30 arc limited in 
application to open-hole operations. In cased-wellbore applications, these prior ait 
ECP's 20,30 arc inadequate because the contour 55 of the casing 54 is sufficiently 
IS cylindrical. The uniform cylindrical shape of the casing wall 54 prevents a proper or 
adequate anchoring relationship between a conventional ECP 20,30 and die casing 
wall54. 

One reason a proper anchoring relationship, in the conventional ECP 9 s20, 30, 
does not result is because the coefficient of friction between the elastomeric element 
20 14,32 and the steel casing 54 in a wetted media is very low. Thus, the differential 
pressure in the wellbore between locations above and below the packer results in 
movement or displacement of the packer and which normally results in great damage 
to the well, particularly in loss of production and the resulting economic damages. 

~ In addition, the conventional, noncontinuous ribbed style ECP 30 is designed 
25 such that the ribs 31 are only located on the secured ends 36 of the elastomeric 
element 32 and thus provide only limited anchoring and/or anti-extrusion benefits. As 
such, the elastomeric element 32 has a tendency to "toll over** or overlap over the 
secured end 36 near the end sleeves 33 when a sufficient axial force is applied to die 
ribs 30. On the other hand, if a modification is made so that the elastomeric element 
30 32 is fully ribbed, another problem arises. A full length ribbed elastomeric element 
14, as shown in Figure 1A, becomes a much larger diameter inflatable element 14 and 
therefore requires a thinner elastomeric cover 14 so that die ECP 20 may pass through 
existing equipment (not shown), having only limited or restricted access to the zone 
beyond. 
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5 However, when a thinner dastomenc cover 14 is used, a significant dis- 

advantage results in providing adequate sealing protection. It should be understood 
that the inflatable tool is bring applied to cased wellbores, using a phase change 
medium to inflate the element Thus, when the phase change inflation medium cures, 
there is a loss of radial force available against the casing wall as the inflation medium 
10 changes its phase, ie., the inflation medium contracts or shrinks as it hardens, 
resulting in loss of available radial force or energy against the wellbore wall, ft is 
clear to one skilled in the art that me elastomeric element normally makes up the 
difference in radial force loss through the resiliency of a relatively thicker elastomeric 
cover, ie., the relatively thick elastomeric cover stores a certain amount of radial force 
energy upon the expansion of the inflation medium and releases this stored energy to 
compensate for any phase changes in foe inflation medium, such as shrinkage or 
contraction. The amount of energy storage available to compensate for shrinkage 
force loss is clearly a function of the elastomer thickness, m a cased wellbore, 
therefore, a relatively foick elastomeric cover is necessary to obtain proper sealing 
capability. This thicker cover design requirement, however, conflicts with having 
only limited access through the downholc equipment in cased wellbores. Thus, there 
is a need for a new zone isolation inflatable tool that overcomes all of these 
limitations. 

Referring now to Figures 2 and 3, a new inflatable tool design is disclosed 
which overcomes many of the hmitations discussed above. ^ fo 
ment, the new mflatabte tool design u^ 

the most important requirements in cased-wcllbore applications when using phase 
change inflation media: (1) sealing ability, and (2) anchoring capability. 

In the preferred embodiment, the sealing feature 40 is provided with a full 
Covct elastomeric design 45 having a relatively large thickness 41 while the anchoring 
feature 42 is provided with an exposed full length or continuous, ribbed design 62 
providing metal-to-metal contact 63 with the casing wall 54. The full cover 
elastomeric design 45 of the sealing element section 40 provides the necessary 
elastomeric thickness 41 to compensate for phase change losses in n«fial sealing 
force. On the other hand, the full length exposed rib element section 42 provides a 
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S metal-to-metal engagement 63 between the anchoring dement 62 and title casing wall 
54 so as to create sufficient anchoring force in the cased wellbore. 

The two sections 40,42 are separated by end sleeves 44 which couple cadi 
respective dement 40,42 to die tubular body 58 of the inflatable tooL The method for 
coupling each respective element 40,42 is well-known in the art and is disclosed in 

10 IIS. Patent No. 5,143,154 and die specification of said patent is hereby incorporated 
by reference. In addition, die features of the valve apparatus (not shown) for proper 
inflation of the elastomeric elements is well-known in the art See, for example, US. 
Patent No. 4,708,208; U.S. Patent No. 4,805,699; and U.S. Patent Application Serial 
No. 138,197, filed on December 28, 1987. All such disclosures are incorporated by 

15 reference. The end sleeves 44 are mechanically coupled to the tubular body 58 by 
conventional techniques such as threaded sleeves (not shown). 

Referring now to Figure 2, one embodiment of the invention, a hybrid 
inflatable tool is shown in die run-in condition. The sealing section 40 comprises 
elastomcric element 48 supported by noncontinuous anti-extrusion ribs 46. The 

20 sealing section 40 is preferably placed in the direction away from the conveyance 
device (not shown), while die anchoring section 42 is placed near the conveyance 
device. However, this by no means is a limitation to the present invention. 

Opposite ends 45 of die sealing dement 48 arc coupled 47 to die tubular 
member 58 with end sleeves 44. The anti-extrusion ribs 46 are mechanically coupled 

25 to die end sleeve 44 in accordance with conventional methods that are well-known in 
the art and incorporated by reference herein. The noncontinuous, nonrcinforced rib 
design of the sealing element 40 provides the necessary thickness 41 to compensate 
for radial force loss from phase change in the inflation medium 56. Yet, die thickness 
41 of die sealing dement 48 provided overcomes any access and size restrictions of 

30 existing equipment already located downhole as will become more apparent 
hereinafter. 

The inflatable tool element 48 in the sealing section 40 is not reinforced in die 
medial portion 49 of the elastomeric element 48 and as such does not have ribs 46 
extending end to end. Such a design clearly compensates for having a relatively large 
35 thickness 41 elastomeric dement 48 because the ribs 46 are filiminatrd in the medial 
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5 portion49. The ribs 46 arc only provided at the ends 45 where the sealing clement 48 
is connected to the tubular mandrel 58 to support Ac end load. The medial portion 
49 is simply marie of elastomer, and thus, a thicker 41 elastomer may be provided. 
However, anchoring is not possible in cased weUbores under such circumstances. In 
open-hole, the anchoring results from the rough noncontinuous surface of the wellbore 

10 while the casing has a smooth surface 55 and the result is that gripping does not occur. 
Anchoring is, however, provided by a separate but related section 42. 

In the preferred embodiment, the anchoring element section 42 comprises an 
inner tube or bladder 52 that is inflated, the anchor ribs 62 and an elastomcric stiflfcner 
band 60 to uniformly space the ribs 46 along the periphery of the inner tube 52 may 

15 be added The ribs 62 are made of steel and are exposed so as to engage in a metal-to- 
metal relationship 63 with the weDborc casing 55. The ribs 62 are mechanically 
coupled to a ring (not shown) and fitted inside the end sleeves 44. The exposed steel 
ribs 62 may be run in a high-pressure differential environment and yet still maintain 
metal-to-metal friction 63 for a strong anchoring relationship. In certain applications, 

20 such as short-length packets, the bands 60 are not needed 

Thus, the hybrid design of the present invention presented herein discloses an 
inflatable tool overcoming traditional cased-wellbore lrnifatirmc and restrictions and 
yet having an inflatable unitary dement design providing sealing and anchoring 
provisions and which are in pressure communication relative to each other. Thus the 

25 combined design has two elements 40,42 providing independent functions while 
Mating relative to each other. The anchoring element 42 only functions as an anchor 
while the sealing element 40 only functions as a seaL 

In the preferred embodiment, the elastomer compounds 48,52 included in the 
design for the cover includes materials that have good memory for returning to the 

30 original size and developed for use in sub-zero surface conditions to avoid impact 
damage to the element surface during on-site handling. The temperature range for the 
elastomeric elements range from ambient to more than 500°F drprndinE on the type 
of elastomer used It should be noted that foe current invention does not, however, 
depend on the type of elastomer used New elastomer technology with large 
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S temperature tolerances may just as easily be incorporated herein. The temperature 
ranges disclosed herein only represent currently available elastomer technology. 

Each of the sealing and anchoring elements 40. 42 can be inflated with a phase 
change inflation medium 56 such as cement, epoxy or other such media. Thus, with 
today's expanding cement technology, a certain amount of contraction or shrinkage 

10 occurs in the inflation medium 56 during the curing or phase change stage. The 
present invention overcomes this limitation even when using phase change inflation 
medium 56 susceptible to radial force losses such as cement which suffers contraction 
at cured stage. 

Referring now to Figure 3. one of the embodiments, the present invention is 
15 shown as an expansion or inflation mode of operation and a set mode of operation, m 
the sealing element section 40. the inflatable elastomeric element is in fell expansion. 
exertmgaradialforc*a 

inflation medium 56 creates a sealing engagement 64 between me elastomeric element 
48 and casing wall 55. As a result, wettbore flrids are prevented fitm ^ 
20 flow, and the area above and below the inflatable tool are isolated form each other. 
The compressive force or fricfaonal engagement 64 between the elastomeric element 
48 and the casing wall 55 assures a fluid-tight seaL 

The aim-extrusion ribs 45 in the sealing element section 40 provide protection 
the elastomeric element 48 from rellmg over as the element 48 is inflated 
25 under a relatively large pressure force. In addition, the ribs 45 provide protection 
against the elastomeric element 48 tearing and tailing. 
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5 The anchoring clement section 42 of the preferred embodiment is also shown 

in an inflated position in Figure 3. The steel or other suitable metal ribs 62 provide a 
strong anchor against rotation, axial movement, twisting action, or any other type of 
displacement Such movement is prevented because a large radial force acting on the 
ribs 62 from the inflation medium 56 pushes it into fiictional engagement 63 with the 

10 casing wall 55. The exposed ribbed anchoring section 42 comprises a continuous rib 
element 62. Stated differently, the ribs run across the whole length of the elastomeric 
element and are coupled at the ends 47 to the end sleeves 44. The end sleeves 44 are, 
in turn, mechanically coupled to the tubular mandrel 58 by conventional means well- 
known in the art such as threaded sleeves (not shown herein). The mner tube or 

15 bladder 52 is fabricated under the ribs 62 which are similarly coupled to die end 
sleeves 44. The inner tube 52 acts as a containment member for the inflation medium 
56. The end sleeve 44 not coupled to die sealing section operates in a sliding 
relationship relative to the tubular mandrel 58. It should be understood that the 
elastomeric band 60, in the anchoring element section 42, is provided so that the ribs 

20 62 are evenly spaced-apart, and it is not intended to provide sealing capacity. In fact, 
the band 60, even though engaged with the casing wall 54, need not provide a 
pressure seal since its main function is to create a pathway (between the ribs 62) for 
the escaping fluids in the ammlus 65 between the inflatable tool and the casing wall 
54. The stiflener rings 60 typically range in number from zero to ten, depending on 

25 the size of the packer. 

It should be understood that the preferred embodiment of hybrid inflatable tool 
progressively inflates, first inflating the sealing section 40 and ben the anchoring 
section 42 , due to the differences in the stiffness b etween the dements in each section. 
This provides an important advantage in that fluid will not be trapped between the 

30 two sections in the amxnlus 65 near the mechanical link 44 during the inflation 
operation. Fluid trapping is further prevented because the anchoring section 42, with 

its exposed ribs 62, creates a pathway for any trapped fluid to escape through 
passageways between tile ribs 62. 

The elements 40,42 may be inflated in a conventional maimer. The inflating 
35 medium 56 is injected through a receiving port 50 which communicates with the 

15 
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5 wwu. etanods 40,42. The inflation medium 56 should ente the port 50, 
^* — «9-i»-««l-*«-*- s, *>»- , * , '** , ~ 4 *' ,d ' 

„og,«siv,ly inflsm. the «cond component (pmfembty »» ..nhoring element 42) of 

tetool to the pefened emhodimcm, .here are nndtiple ports or p-bu^ys 50 

,0 provided fin mfl^toeh««nmrie«>emans 40,42. Ihe hfiUuon ftnd 56 emer 

««« pert. 50 and sunul^eouel, inflae the elements 40.42 restive to euch .tor. 

However the htflanM. 40,42 can function mdependemiy of «*h ofter. 

They can, however, he inflated under e single unitary operation. The inflation 

^ tf to pse-n. invmrtion may fintoi h*«P««« die 
15 tavingn^flowp^ys^^h^le^lin.^e^np-infl^ 

mode (n«sho.n),c*.tomfl«^.~di»mp.u^b«gins*^ 

tooonveynuecide. In such .minflrfon .node design, tteinnsfionptnts.se placed 
«ai et opoftteinfl^.tooUe,the^ootoUp^^ft^4efr»or 

no^^d and near to ceupW end or conveys end H» inflnfio. «ffl occur 

J0 ftemtovmvec.fims.de. However ft should he nirted flint sn unconve^onld 
a^gn of ^ eoto do«" «o* equ^ w* d,=^ upon u» «llb«e 

conditions and requirements. 

TU pbcement « mi* ml ml***- * 
OOB ^devtena W *.«^W«di«^,i«n««^d^40n^U 

ocm die conveyance device Con top) is dqiendod on insny ftctnrs snd wellbore 
WIU ft mentt inchnfin,to. M .wimton^ BispreftaWetopbce 
.achor section 42 mm the "floatinT mi. In die pretared embodiment, the 
s ^ dn nent42i.pl^n«.»^cdW«««veyenced^(« mg 
M nri ngondie^r^ord*lik.)c^u>.flo^end«d lOT -«pasu«anc^ 

^ j, inflsttd. Thua. eamfbdon occurs, dm «W taW* <* the anchmmg 
M 42 ahortens » compens*. for to mdud inflation, shns, fin. hoftom enfi, 
tododtog to anchoring element and to eononwnost end sleeve 44, shdm a. to 
^tori.g demo, is mfUtod 1 W -* engagmmenanchonng 
35 relationship 63. 
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5 In the case where the sealing section 40 is on the bottom, the anchoring section 

42 draws "down" and engages 63 as it inflates providing condensation provisions are 
made so that the anchoring section may slide axially. In this case, the sealing element 
40 inflates relatively ahead of the anchor dement 42 and the draw down occurs during 
this period due to the stifier anchoring dement 42 (with toe ribs 62 ) and thus 

10 inflating slower than the sealing dement 40. 

A number of inflatable tools in series may just as easily be i n fl a t ed For 
example, a Selective Inflation Packer System SdPSO (not shown) disdoses complo 
mentary tools which cooperate with the present invention to run-in, activate or inflate 
and set the hybrid inflatable tool disclosed herein. The SOPSO tool is designed for 

15 horizontal or vertical wellbore applications requiring selective cement or epoxy 
inflation of inflatable tools. Noncontaminated cement is spotted for inflation purposes 
into the inflatable tooL The SOPSO tool allows selective inflation of and movement 
between staggered inflatable tools located in slotted liners, pre-drilled liners or screens 
without the loss of the inflation medium during repositioning. The SCIPSO tool may 

20 be run-in together with the inflatable tool's or by itself an a second nm after the 
casing or liner string has been run-in. In addition, all remaining unused cement may 
be reverse circulated As dements are mfl**"*, both the sealing and anchoring 
dement sections expand to the casing wall progressively as a volume change of the 
cement occurs. 

25 By using a sectioned clement design of the preferred embodiment, ie, the 

sealing and anchoring dement sections, which are mechanically linked and in 
constant pressure communication, the present invention can achieve the benefits of 
both sc a lin g and anchoring in a single-unit inflatable tool when used in a cased 
wellbore and a phase change inflation medium is used, and thus creating substantial 

30 savings for the operator. 

The method by which the present invention is used in the cased wellbore does 
not depart substantially from existing and current methods. The inflatable tool of the 
present invention may be lowered into the cased wellbore using any number of 
conventional methods such as wireline, coiled tubing, production tubing, and the like. 

35 The only limitation is that the inflatable tool be capable of accessing and bypassing 

17 
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5 existing dcwnholc equipment Such a limitation is overcome by the present invention 
and is directed at overcoming mis limitation. The present invention anticipates a 
relatively small OD operation and therefore is capable of being lowered under such 
conditions to the appropriate location in the cased wcllbore. Once correctly located, 
the inflatable tool may be inflated into a seating and anchoring engagement with the 

10. casing wall. Such inflation is acconmlis^ 

media may vary, depending on the anticipated use, but it is conlemplated under the 
present invention to be a phase changing fluid wfcch is settable and may incm 
shrinkage. 

The foregoing disclosure and description of the invention are illustrative and 
15 explanatory matot; and various changes m 

me details of the Unstated construction, may be made without departing fiom the 
spirit of the invention, from the spirit of the invention. 
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5 HLAIMS 

1. A downhole inflatable packer for sealing against a cased or uncased 
wellbore wall, comprising: 
a body; 

a movable sealing section, inflatably operable between a run-in 
10 position and a set position where it sealiagly contacts the wall; 

at least one movable anchor section inflatably operable between a run- 
in and a set position where it contacts the wall to support said body; and 

said sealing section is spaced apart from said anchor section. 

15 2. The packer of claim 1, wherein: 

said sealing section comprises a first resiUent element; 

said anchor section comprises a second resilient dement; and 

said first resilient element being thicker than said second resilient 

dement 

20 

3. The packer of claim 2, wherein: 

said first resilient dement comprises ribs which are located adjacent to 
at least one of opposed ends and do not extend continuously over its length. 

25 4. The packer of claim 3, wherein: 

said second resilient dement comprises continuous ribs extending over 
a majority of the distance from end to end, 

5. The packer of claim 4, wherein: 

30 said second resilient element further comprises at least one band 

mounted over said ribs. 

6. The packer of claim 5, wherein: 

said resilient elements when inflated define a cavity between said body 
35 and the wall, with sai d ribs allowing fhrid in said cavity to pass by. 
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5 

7. The packer of claim 6, wherein: 

said first resilient element inflates before said second resilient element 

8. The packer of claim 2, wherein: 

10 said first resilient element is of sufficient thickness to retain scaling 

contact with the wall if an inflation medium experiences shrinkage as it sets. 

9. The packer of claim 3, wherein: 

said first resilient element comprises an outer surface which contacts 
15 the wall and said ribs are disposed beneath said outer surface so mat they do not 
contact the wall in said set position 

10. The packer of claim 4, wherein: 

said ribs in said second resilient element extend ftom end to end 
20 thereof and are exrwsed for coiitart 

11. The packer of claim 4, former cuiiuuismg: 

a sleeve on said body between said first and second resilient elements; 

and 

25 said ribs on said first and second resilient elements connected adjacent 

opposite ends of said sleeve. 

12. The packer of claim 1 1, wherein: 

said sleeve is movable with a respect to said body. 

30 

13. The packer of claim 12, wherein: 

said body comprises at least one port to facilitate inflation of said 

ycsflicpt elements. 
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5 14. The packer of claim 13, wherein: 

said body has an uppff and lower end, with said upper end comprising 
a connection to a conveying device to run said body into mcwellbore; and 
said first resflient element is located closest to said npperend. 

10 .15. Amethodof sealing a cased borehole, comprising: 

providing on a body an inflatable packer with a discrete inflatable 
dement for sealing and a separate inflatable element tor anchoring; 
running in said body into position; and 
inflating both dements. 

15 

16. The method of claim 15, finthcr comprising: 
using an inflating matc^ 

17. The method of claim 16, further oe rniprism g: 

20 providing a greater thickness on said inflatable dement for sealing as 

compared to said element for a nchorin g; and 

using said greater thickness for compensation &r said shrii^ 

18. The method of claim 17, fiirthcr c o m prising : 

25 reinforcing said element for anchoring with ribs extending at least over 

a majority of its length; and 

exposing said ribs on said dement for anchoring so they contact the 

cased borehole. 

30 19. The method of claim 18, farther comprising: 

provi ding ribs on said dement for sealing which extend from at least 
one end and short of the midpoint of said element for sealing. 
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5 

20. The method of claim 19, further comprising: 

embedding said ribs on said element for scaling while extending them 
from each end to leave a large central section thereof without ribs. 
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